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Background: Closely related and ecologically similar species that overlap in ranges can coexist through resource
partitioning without one pushing the others to extinction through competition. Understanding resource partitioning
among species is essential to predicting how species decline can affect the functioning of communities and ecosystems.
In this study, we analyzed niche overlap and resource partitioning of three tree-climbing bird species in disturbed and
undisturbed forest sites at La Malinche National Park, Tlaxcala, Mexico. From January to December 2008, resource
partitioning between the three species was examined through the frequency of sightings of individuals foraging
in different sites in the trees of both forest types. We characterized the pattern of resource utilization by niche
breadth and niche overlap. Finally, we tested if these birds divide tree space differentially according to forest type.
Results: Our results indicate that in undisturbed sites, pygmy nuthatches had a high niche breadth (foraging significantly
more on the thin branches), while white-breasted nuthatches and brown creepers had similar medium niche breadth
values (more often foraged in thick branches and lower trunk, respectively), causing the last two to have a high niche
overlap. In contrast, in disturbed sites, niche breadth and overlap values were similar for all three tree-climbing species. All
observed overlaps for both forest types were higher than expected, but expected values in disturbed sites suggest the
possibility of competition on these sites. Pygmy nuthatches were more sighted than white-breasted nuthatches and
brown creepers in both forest types.
Conclusions: Our study shows that differences in tree use suggest resource partitioning among the three bird species,
particularly at undisturbed sites. However, activities of excessive logging and grazing in the disturbed sites resulted in
niche overlap among species. This could lead to changes in competitive dynamics among them.
Keywords: Brown creeper; Pygmy nuthatch; White-breasted nuthatch; Niche overlap; Null models; Resource partitioningBackground
Numerous studies of avian communities have elucidated
differences between similar species inhabiting the same
habitat which lead to coexistence (MacArthur 1958,
Hutchinson 1961, Alatalo and Alatalo 1979, Leyequién
et al. 2007, Lara et al. 2011, Cloyed 2014). The general
view, in the face of interspecific competition, is that the
primary way to achieve this coexistence is for species to
show a differential use of resources (Hutchinson 1961,
Schoener 1974, Pyke 1982, Young et al. 2010). However,* Correspondence: laracar@posgradouatx.com.mx
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in any medium, provided the original work is pthe fact that many sympatric species do not appear to
differ sufficiently in their morphology to allow for niche
differentiation (Wellborn and Cothran 2007) has chal-
lenged this view.
Nuthatches, woodpeckers, and brown creepers are all
considered to be tree-climbing birds. They have claws
that allow them to grip onto bark for insect capture.
From these bird species, the Sittidae (the nuthatchers
and wallcreepers Sitta and Thrichoma) are the sister
group to the Certhiidae (the creepers, Certhia and
Salpornis) (Sibley and Ahlquist 1990). Certhia americana
and bird species from the Sitta genus are common inhabi-
tants of North American temperate forest. These tree
climbers show morphological similarities in their beaks
(slender, either straight or decurved) and body sizeOpen Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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they may show pronounced spatial segregation of pri-
mary foraging microhabitats in a tree. For example, pre-
vious studies have shown that pygmy nuthatches (Sitta
pygmaea) forage higher up in the tree and use their
branches more frequently than the trunk (Stallcup 1968,
McEllin 1979). Conversely, white-breasted nuthatches
(Sitta carolinensis) forage more often on the trunks
(Stallcup 1968, McEllin 1979), as do brown creepers
(C. americana) (Willson 1970). In this context, differences
in the use of hunting tactics or substrates to find prey
items should facilitate niche differentiation in sympatric
tree-climbing birds (Cloyed 2014).
Forest structure has been highlighted as important for
birds that feed on trees (Robinson and Holmes 1982,
Whelan 2001). Constraints imposed by the structure of
the vegetation and by the types and abundances of prey
determine the available foraging opportunities. Such
habitat parameters may affect foraging behavior to ex-
ploit a particular habitat and hence influence the pat-
terns of bird habitat selection and ultimately the
community structure (Robinson and Holmes 1982).
Habitat disturbances such as grazing or fire may affect
size class distribution of trees (Wimberly and Spies
2001). Thus, changes in habitat structure from habitat
disturbance may affect tree use for climbing birds by al-
tering their distribution. If this occurs, then the resource
partitioning among these bird species could be affected.
Integrating these observations led us to hypothesize
that due to their morphological similarities and sym-
patry, (1) the three tree-climbing bird species above
mentioned should show a differential tree use to coexist,
(2) but if the forest structure is altered, such resource
partitioning can be modified. In this study, we analyzed
niche overlap and resource partitioning of sympatric
pygmy nuthatches, white-breasted nuthatches, and brown
creepers in disturbed and undisturbed forest sites at La
Malinche National Park, Tlaxcala, Mexico. We examined
the frequency of sightings of individuals foraging in differ-
ent sites in the trees of both forest types over an annual
period. Then, we characterized the pattern of resource
utilization by niche breadth and niche overlap. Finally, we
tested if these birds divide tree space differentially accord-
ing to forest type.
Methods
Study site
Niche partitioning among the three tree-climbing bird
species was assessed from January through December
2008 in a representative area of vegetation (250 ha) at
the La Malinche National Park (MNP), Tlaxcala, Mexico.
About half of this area comprises undisturbed forests
with ongoing management to prevent fires. The rest
comprises disturbed forests that have suffered constantgrazing, illegal logging, and numerous fire events dur-
ing the last 20 years. The MNP forms part of the
Trans-Mexican Volcanic Belt. It has an area of 46,093 ha,
located between the 19°14′N and 98°14′W, with an alti-
tude ranging from 2,300 to 4,461 m a.s.l. (López-
Domínguez and Acosta 2005). Mean annual precipitation
is 800 mm, the rainy season is between June and October,
and mean annual temperature is 15°C. Coniferous forest is
the dominant kind of vegetation. Below 3,000 m, we find
primary pine forest dominated by Pinus montezumae
Lamb., Pinus teocote Schl. & Chamb., and Pinus leiophylla
Schl. & Chamb. The dominant species in the herbaceous
stratum are Lupinus aschenbornii Schauer., Castilleja
tenuiflora Benth., Penstemon roseus, Senecio salignus DC,
and Prunella vulgaris L. Above 3,000 m, the forest is dom-
inated by old-growth fir forest (Abies religiosa HBK.), fre-
quently mixed with Pinus hartwegii Lindl. In the lower
stratum are found some shrubs and trees such as Salix
mexicana Seemen and Buddleja parviflora HBK. Above
3,500 m, Pinus forest contains pure stands of P. hartwegii
and A. religiosa. The main shrubs are Baccharis conferta
HBK and Eupatorium glabatrum HBK. Plants of the
herbaceous layer include Senecio platanifolius Benth.,
Muhlenbergia macroura HBK., and Penstemon gentia-
noides HBK. (Villers et al. 2006).
We divided the study area into two forest types ac-
cording to the conservation status of vegetation (undis-
turbed and disturbed). The undisturbed forest consisting
of dense stands of fir and pine trees was 80% to 90%
tree-covered, with tree heights ranging from 20 to 35 m
and diameters at breast height (DBHs) of 2 to 5 m. The
disturbed forests were more open (crown cover of less
than 40%) and were represented by a mosaic of burned
fir and pine forest (with annual fire events), pasture, and
second-growth vegetation from burning of the original
forest or in abandoned agricultural areas. Most of the
trees in these areas are less than 20 m in height, and
DBHs are smaller than 1 m (C Lara, personal observa-
tions). Both forest types are located in a range of 2,900
to 3,100 m.a.s.l and approximately 2 km apart.
Tree-climbing bird monitoring
Prior to bird monitoring and in order to determine dif-
ferences between the climbing bird species in the for-
aging sites in a tree, we divided the fir and pine trees
into three foraging sites: lower trunk (trunk below any
branches), thick branches (branches with a diameter lar-
ger than 15 cm and located inside the tree crown), and
thin branches (branches with a diameter smaller than 15
cm and located on the periphery of the tree crown). We
measured the frequency of each foraging site for each
bird species in both forest types. Four 800-m transects
that were 500 m apart were established in the study
area (two transects per forest type) with no previous
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count at an interval of 200 m along each transect in each
forest type. The censuses began at 0730 hours, and we
counted individuals at each point within a radius of 50 m.
Binoculars (10 × 50 mm) were used, and species were iden-
tified using field guides (Sibley 2003, van Perlo 2006). The
observers recorded data at each point count for 10 min
and recorded sighted individuals by species and feeding site
(according to categories described above). The spacing of
each point count location was sufficient to ensure that one
bird was not counted twice or more during a single tran-
sect survey. Thus, we used the number of sightings as
proxy to bird abundance. We performed observations on
each transect every 2 weeks and each transect was done a
total of 24 times. The data for all four transects were com-
piled into a frequency matrix of tree-climbing birds sighted
per counting event.
In order to identify niche partitioning among the three
tree-climbing species, we first calculated the proportion of
sightings in each foraging site for each bird species and
forest type. According to De Cáceres et al. (2011), the no-
tation for Rao's quadratic entropy (Rao 1982) was adopted
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jk, where f is
the relative abundance of foraging sites for each counting
event and djk is the distance between counting events j
and k. The distance was given by difference of the foraging
site values between the two counting events. The mini-
mum niche breadth is 0; this value is obtained when all re-
sources used are equal or when a single resource is used.
Niche overlaps were calculated between all pairs of
species with the index of Pianka (1973): Ojk = (Σpijpik)
(Σpij
2pik
2) − 1/2, where pij and pik are proportional values
of utilization of resource i by species j and k, respectively.
Pianka's index is symmetrical and assumes values ranging
from 0 (no resources used in common between two
species) to 1 (complete overlap in resource use).
Data analysis
Niche breadth was estimated using R and the ‘resniche’
package (R Development Core Team 2012). Rao's quad-
ratic entropy (Rao 1982) is a general diversity measure
that has been recently recommended to assess both
functional and taxonomic diversity and whose mathem-
atical properties have been extensively studied (De Cáceres
et al. 2011). This index incorporates the resemblance be-
tween resources into the calculation of resource niche met-
rics. This not only allows estimation of the niche breadth
with greater accuracy but also makes the estimates less in-
fluenced by the way the resources are subdivided. In
addition, all niche metrics can be calculated while taking
into account the variation in resource availability, and
confidence intervals can be obtained by bootstrapping
(De Cáceres et al. 2011).Similarity in foraging site used among the three bird
species in both forest types was calculated as Bray-Curtis
similarity coefficient in cluster analyses. EcoSim (Acquired
Intelligence, Inc., Victoria, BC, Canada) was then used to
estimate niche overlap with Pianka (1973) overlap index
using Lawlor's (1980) third randomization algorithm
(RA3). The RA3 has been shown to have desirable statis-
tical properties for detecting nonrandom niche overlap
patterns (Winemiller and Pianka 1990). EcoSim not only
generates a niche overlap value from the observed data
but also produces a statistical value based on a null distri-
bution of randomized raw data to test the significance of
the overlap value. The RA3 retains values for niche
breadth but randomly reshuffles these values including
any zeros among foraging site categories for each bird spe-
cies. This permutation step was repeated for a total of
5,000 Monte Carlo simulations (Gotelli et al. 2004). The
overlap indices from each permutation were used to gen-
erate a distribution of overlap values based on randomized
data matrices that retained qualitative characteristics of
the original data. We then used this null distribution of
the overlap index values to test for statistical significance
of the observed overlap index value. Significance levels
were based on 99% confidence intervals.
To test for differences in foraging site used among the
three bird species (number of sightings as response vari-
able) in both forest types, we used a generalized linear
mixed effects model (GLMM) where bird species, for-
aging area, and forest type were the fixed factors and
month (point count event) was a random effect. Data
were log transformed, and we used a Poisson distribu-
tion with log link function in the GLMM. All statistical
tests were done in R (R Development Core Team 2012).
Results
Niche measurements
The three tree-climbing species were recorded foraging in
different sites in the trees in both forest types throughout
the study. In the undisturbed site, niche breadth of both
white-breasted nuthatches and brown creepers was smaller
than the niche breadth of pygmy nuthatches. However, in
the disturbed site, niche breadth values were similar for the
three tree-climbing species (Table 1).
Bray-Curtis coefficients of similarity in the foraging
site used by the three bird species in both forest types
divided the species into two major groups (Figure 1).
The first group represented foraging sites where birds
were sighted in the undisturbed forest. Here, white-
breasted nuthatches and brown creepers had a mutual
Bray-Curtis similarity in their foraging sites of about
70%. However, pygmy nuthatches were sighted in for-
aging sites less similar (≈30%) in relation to the other
bird species. The other group represented birds from the
disturbed forest. The three bird species had a mutual
Table 1 Niche breadth values (Rao's quadratic entropy)
and 95% confidence intervals
Species n Niche breadth LCI UCI
(a)
Brown creeper 17 0.13 0.11 0.17
Pygmy nuthatch 34 0. 28 0.19 0.35
White-breasted nuthatch 19 0.14 0.09 0.18
(b)
Brown creeper 24 0.11 0.08 0.17
Pygmy nuthatch 50 0.12 0.09 0.19
White-breasted nuthatch 29 0.11 0.08 0.16
Niche breadth values and 95% confidence intervals for brown creepers
(Certhia americana), pygmy (Sitta pygmaea), and white-breasted nuthatches
(S. carolinensis) based on sightings and foraging use of trees in (a) disturbed
and (b) undisturbed forest sites.









Brown creeper 1 0.523 0.691
Pygmy nuthatch 0.523 1 0.477
White-breasted nuthatch 0.691 0.477 1
(b)
Brown creeper 1 0.413 0.769
Pygmy nuthatch 0.413 1 0.277
White-breasted nuthatch 0.769 0.277 1
Niche overlap for tree use among brown creepers (Certhia americana), pygmy
(Sitta pygmaea), and white-breasted nuthatches (S. carolinensis) in (a) disturbed
and (b) undisturbed forest, determined by Pianka's index. After 5,000 Monte
Carlo simulations, the observed mean tree use overlap in the disturbed forest
(0.753) differed from the expected mean (0.614) for tree use overlap (p < 0.01).
In the undisturbed forest, the observed mean tree use overlap (0.682) differed
from the expected mean (0.192) tree use overlap (p < 0.01).
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almost always sighted using the same foraging sites in
this forest type.
Although the occurrence of some of the three bird
species appears to be similar in both forest types, the
foraging sites where they were more frequently sighted
indicate a differential use of resources, which directly af-
fects the overlap of their niches. Pianka's index of niche
overlap was calculated using the frequency of birds
sighted in each foraging site within a tree (Table 2). In
the undisturbed forest, the higher overlap occurred be-
tween white-breasted nuthatches and brown creepers,
and overlap was lowest between the nuthatch species.Figure 1 Cluster analysis of Bray-Curtis similarity indices. Cluster
analysis of Bray-Curtis similarity indices in the foraging site used
among pygmy nuthatches (PN), white-breasted nuthatches (WN),
and brown creepers (BC) in both forest types.However, in the disturbed forest, overlap values were simi-
lar among the three bird species. All observed overlaps for
both forest types were higher than expected (Table 2).
Habitat and tree use
Pygmy nuthatches were more sighted than white-
breasted nuthatches and brown creepers throughout the
study. The lower number of sightings was recorded in
the thick branches. Overall, the undisturbed forest had
the most bird sightings (Table 3). Compared to brown
creepers and white-breasted nuthatches, pygmy nut-
hatches foraged significantly more on the thin branches.
Conversely, brown creepers more often foraged in the
thick branches, and white-breasted nuthatches foraged
significantly more on the lower trunk. White-breasted
nuthatches and brown creepers were less sighted in dis-
turbed forest sites (Figure 2, Table 3).
Discussion
As predicted, the three sympatric tree-climbing bird spe-
cies partitioned their resources by foraging in differentTable 3 Results of GLMM
Source F df p
Species 15.16 2 <0.001
Foraging site 17.22 2 <0.001
Forest type 13.28 1 <0.001
Species × foraging site 9.31 4 <0.001
Species × forest type 1.16 2 0.007
Foraging site × forest type 0.27 2 0.707
Species × foraging site × forest type 1.18 4 0.014
Results of GLMM testing the influence of bird species, foraging site used, forest
type, and their interactions on the number of sightings (in this analysis, ‘month’
was included as a random effect).
Figure 2 Mean number of sightings in the foraging site used among the three bird species in both forest types. Data with the same
superscript letters are not significantly different between groups (p < 0.05).
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pygmy nuthatches were more frequently seen foraging
on the thin branches, while white-breasted nuthatches
and brown creepers were seen foraging mostly in the
thick branches and lower trunk, respectively. Conversely,
in the disturbed sites, the three bird species were more
homogeneous with respect to the site of the tree in
which they foraged. This pattern caused their niche
breadth and overlap values to be similar.
The differential use of substrates to find prey items is
a widespread way in which ecologically similar and
closely related forest-dwelling birds partition their re-
sources (MacArthur 1958, Holmes et al. 1979, Morrison
and With 1987). This niche differentiation model as-
sumes that resource partitioning results from different
fundamental niches having been occupied through past
competition (Keddy 1989). Different tree use and the as-
sociated morphological attributes that make foraging in
those places more efficient may represent a mechanism
that minimizes interspecific competition (called the
ghost of competition past, Connell 1980). Thus, resource
partitioning between nuthatches and the brown creeper
can be explained by the niche differentiation model. Pre-
vious studies had shown that in communities where differ-
ent nuthatch species (e.g., S. carolinensis, S. canadensis, S.
pygmaea) are sympatric with brown creepers (e.g., C.
americana, C. familiaris), niche differentiation occurs,
particularly through dividing trees spatially and by using
different hunting tactics (Willson 1970, Williams and
Batzli 1979, Morrison et al. 1987). This pattern has even
been detected within nuthatch species. For example, inNorth American ponderosa pine forests, sympatric pygmy
and white-breasted nuthatches partition their resources by
foraging in different parts of the tree (Stallcup 1968,
McEllin 1979, Cloyed 2014). Our results confirm these
findings. Although prey distribution can affect habitat use
among sympatric climbing bird species, additional re-
search is needed to determine the importance of abiotic
factors (e.g., light and temperature) in different seasons.
The data obtained in our undisturbed pine forest sites
at La Malinche provided support to previous results of
resource partitioning among tree-climbing birds. It is
possible that in these forested sites, abundance asym-
metry and niche breadth could potentially be acting as
mechanisms for coexistence. However, changes in tree
use by the studied bird species in disturbed forest sites
have not been previously reported. In the only study
done in this area, Cloyed (2014) examined how pygmy
and white-breasted nuthatches divided their resources in
two ponderosa pine forest sites, an untreated forest
(mostly comprised of trees with trunks higher than 32-cm
DBH), and a forest selectively thinned for small-diameter
trees (less than 32 cm). He found that the areas used in
the trees by the two bird species are different when for-
aging on large- or small-diameter trees, but partition in
tree use remains in both forest conditions. From this data,
the author concluded that pygmy nuthatches have a for-
aging niche in thinned and unthinned forests that is dis-
tinct from white-breasted nuthatches, allowing them to
coexist without potential population implications. Our
data, consistent with the differential tree use in nuthatches
reported by Cloyed (2014) and the estimated niche
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in forest structure could lead to changes in competitive
dynamics among them, as discussed below.
Preferences for larger-diameter (white-breasted nut-
hatches), medium-diameter (brown creepers), and small-
diameter (pygmy nuthatches) tree sections have been
tested in both laboratory (Pierce and Grubb 1981,
Cloyed 2014) and natural conditions (Willson 1970,
Williams and Batzli 1979, Morrison et al. 1987). More-
over, these preferences denote characteristics that trees
should have to search for food and a change in the spe-
cies or size composition of the forest that would likely
alter the pattern of resource used by these bird species.
For example, Morrison et al. (1987) showed that for-
aging behaviors used by bark foragers in the Sierra
Nevada, California, were consistent with tree compos-
ition due to silvicultural management. These observa-
tions gave credence to our hypothesis that a change in
forest structure must involve a change in the resource
partition between sympatric species such as those stud-
ied here. Compared to undisturbed sites, the disturbed
forest sites we studied showed a direct effect on the
tree-climbing birds. For example, the three bird species
were less abundant in these sites throughout the study,
their niche breadth indices were lower, and conversely
the overlap was larger among them. Thus, our results
suggest that activities of excessive logging and grazing in
the disturbed sites at La Malinche can affect size class
distribution of trees (Peterson and Reich 2001) and that
tree-climbing birds are responding to this. A possible
effect of abundance and frequency of availabilities of
foraging sites (lower trunk, thin branches, and thick
branches) in our study site requires further investigation.
Results from the null models showed that the observed
overlaps were higher than expected, particularly in un-
disturbed forest sites. However, the expected values
estimated for the disturbed sites were already high, sug-
gesting that species have to share the habitat to a higher
degree even when they distributed themselves randomly
in the tree, making it difficult for them to reduce com-
petition through niche partitioning (Gotelli and Graves
1996). This adds to the growing number of studies that
demonstrate negative effects of changes in forest struc-
ture promoted by human activities for some bird species
at the behavioral and population levels (Desrochers
and Fortin 2000, Blake 2005, Whelan and Maina 2005,
Barbaro et al. 2012).
Conclusions
In short, our study showed that tree-climbing bird spe-
cies perform a differential use of space in the trees to
forage, which promotes their coexistence particularly at
undisturbed sites. However, activities of excessive log-
ging and grazing in the disturbed sites resulted in nicheoverlap among species, and this could lead to changes in
competitive dynamics among them. Future studies ana-
lyzing the mechanisms that structure tree-climbing bird
communities should include the potential impact of for-
esting practices.
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